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One-dimensional magnonic crystals have been implemented as gratings of shallow grooves chemi- 
cally etched into the surface of yttrium-iron garnet films. Scattering of backward volume magneto- 
static spin waves from such structures is investigated experimentally and theoretically. Well-defined 
rejection frequency bands are observed in transmission characteristics of the magnonic crystals. The 
loss inserted by the gratings and the rejections bands bandwidths are studied as a function of the film 
thickness, the groove depth, the number of grooves, and the groove width. The experimental data 
are well described by a theoretical model based on the analogy of a spin-wave film-waveguide with 
a microwave transmission line. Our study shows that magnonic crystals with required operational 
characteristics can be engineered by adjusting these geometrical parameters. 

PACS numbers: 75.50.Gg, 75.30.Ds, 75.40.Gb 



I. INTRODUCTION 

Periodically structured magnetic materials such as 
magnonic crystals (MC) attract special attention in view 
of their applicability for both fundamental research on 
linear and nonlinear wave dynamics in artificial media, 
and for signal processing in microwave frequency range 
Similar to sound and light in sonic and photonic 
crystals, the dispersion characteristics of spin waves in 
magnonic crystals are strongly modified with respect to 
uniform media. This results in the appearance of fre- 
quency band gaps 0, wherein spin- wave propagation 
is forbidden. A large variety of nonlinear spin- wave phe- 
nomena, as well as the dependency of the spin- wave prop- 
erties both on the magnitude and orientation of a bias 
magnetic field determine the wide tunability of opera- 
tional characteristics of the magnonic crystals and their 
potential for design of microwave filters, switchers, cur- 
rent controlled delay lines, power limiters, etc 

Depending on the required insertion loss, operating 
frequency range, dimensions, temperature stability, and 
other performance specifications, periodic structures can 
be fabricated from either ferrite or ferromagnetic sub- 
stances by means of geometric structuring J,, ^, AjG,, J,, 
H, S , nietal deposition [ll[ , ion implantation lo- 
cal variations of the bias magnetic field [l^ , to name but 
a few. 

At the present time, the smallest out-of-band inser- 
tion loss in conjunction with the deepest rejection bands 
have been observed in the experiments with geometri- 
cally structured yttrium-iron-garnet (YIG) single crystal 
ferrite films grown on a gallium-gadolinium substrate by 
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means of liquid-phase epitaxy. In this unique material 
the lifetime of spin-wave excitations can exceed a 
couple of hundreds nanoseconds, and the spin- wave prop- 
agation path reaches a few centimeters. 

The surface magnetostatic waves 15[ (wave propaga- 
tion direction is perpendicular to the magnetic field ap- 
plied in the film plane) and the forward magnetostatic 
waves [ l6} (external field is oriented perpendicular to the 
film plane) were previously studied theoretically and ex- 
perimentally in such periodical structures [l|, 0, H, @| . 

In our recent paper [l7l | we presented the first experi- 
mental and theoretical results on scattering of backward 
volume magnetostatic waves (wave propagation direc- 
tion is parallel to the magnetic field applied in the film 
plane) [15] from an one-dimensional structure with peri- 
odic changes of the YIG film thickness. 

In the present paper we present a detailed study of this 
kind of magnonic crystal. Its main characteristics, such 
as insertion loss in the rejection bands, parasitic loss in 
the transmission bands, and the frequency bandwidth of 
the rejection bands, were investigated for crystals hav- 
ing different groove depths, widths, and groove numbers. 
Our results show these parameters can be used to opti- 
mize the design of magnonic crystals. 



II. TECHNOLOGY AND EXPERIMENTAL 
MEASUREMENTS 

To fabricate magnonic crystals, 5.5 /im and 14 /im- 
thick YIG films, which were epitaxially grown in the 
(111) crystallographic plane, were used. Photolitho- 
graphic patterning followed by hot orthophosphoric acid 
etching was used to form the grooves. The lithography 
was based on a standard photoresist AZ 5214E hard- 
ened by UV irradiation and baking which makes it stable 
against hot 160 °C orthophosphoric acid. Using this pro- 
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FIG. 1: (Color online) Scheme of a magnonic crystal structure 
and of the measurement setup used in the experiments. 



cedure we patterned arrays of N parallel lines {N — 10 
and N = 20) of widths w = 30 /im and interline spac- 
ings of 270 /im. Alternatively, arrays where w = 10 /im 
spaced by 290 fj,m were also prepared. In all cases, the 
lattice constant was a = 300 fim. The grooves were 
transversely oriented with respect to the spin-wave prop- 
agation direction. In order to study the dependence of 
crystal characteristics on the groove depth S the grooves 
were etched in 100 nni steps from 100 nm to 2/im. The 
groove depth was controlled by the etching time (etch 
rate was ~ 1 /xm/min) and measured using a profilome- 
ter. Anisotropic chemical etching of the YIG crystal 
structure by orthophosphoric acid [iSj was observed: the 
etch rate parallel to the film plane was approximately 
ten times larger than in the perpendicular direction, so 
the final groove depth profile along the direction of wave 
propagation had a trapezoidal shape. 

The inset in Fig. [1] shows the microscope image of 
the grooves structure of the magnonic crystal with the 
groove depth 6 = 500 nm and groove width w = 30 /im. 
Anisotropic etching can be clearly seen. 

In order to excite and receive the dipolar spin waves, 
two microstrip antennas were placed 8 mm apart, one in 
front of the grating, and one behind it (see Fig.[T]). A bias 
magnetic field of 1845 Oe was applied in the plane of the 
YIG film stripe, along its length and parallel to the direc- 
tion of spin-wave propagation. Under these conditions, 
backward volume magnetostatic wave (BVMSW) propa- 
gation occurs. A continuous- wave microwave signal was 
applied from a network analyzer (see Fig.[T]) to the input 
antenna, and BVMSW transmission characteristics were 
measured. The microwave signal power was maintained 
at 1 mW in order to avoid any non-linear processes. 



III. THEORETICAL MODEL 

In a general theoretical description of the scat- 

tering of dipole spin waves from inhomogeneities is given 



by a singular integral equation 

m(r) = 47r^(/,H,(r),M(r)). 

J G(r-r')m(r')dr' + h(r)^ , (1) 

where m is the dynamic magnetization, h is the mi- 
crowave field of the input antenna, G(r— r') is the Green's 
function of dipole magnetic field, and k{f, Hi(r), M(r)) is 
the tensor of the microwave magnetic susceptibility which 
depends on the spin-wave carrier frequency / and on the 
magnetic parameters of the film. The latter are functions 
of the position r, since the grooves induce inhomogene- 
ity in the internal static field Hj and in the equilibrium 
magnetization M. The integration is carried over the 
volume of the magnetic structure, thus the inhomogene- 
ity of the film thickness is taken into account. A simple 
approximate solution to Eq.(l) for the reflected wave can 
be obtained in the frame of the first Born approximation 
(see fill for details of the approach). Neglecting mag- 
netic damping in the medium far in front of the groove 
lattice X << x' for the complex reflection coefficient R, 
one obtains 



R[k) ^ i—F[k, do,d) — ; 

do kw 



N 



exp(— 2i/cna), (2) 



where F{k,do,S) = l'=-pi-kdo){eMkS)-i)-{<=^P{~kS)-i)] _ 

25 /do — kS for kdo << 1, where k is the wavenumber of 
the incident spin wave, do is the unpatterned film thick- 
ness, S is the groove depth, w is the groove width, a is 
the lattice period, and N is the total number of grooves 
in the groove lattice. This formula is in agrement with 
Bragg's diffraction law. The maxima of reflection occur 
at k = mr/a OT for the wavelengths 2a /n. With increas- 
ing N the depth of the reflection bands increase and their 
wavenumber widths decrease. Furthermore, the reflec- 
tion grows with an increase in w and 6/ do, which is con- 
sistent. However, according to this formula, the reflection 
should decrease with increasing fc, which is in contradic- 
tion with the experimental results presented here (see 
Section IV). Thus a more detailed model is necessary. 

To build a more appropriate model, we first notice that 
the quasi-lD dipole field ^ of the lowest BVMSW thick- 
ness mode decays within a distance of a few film thick- 
nesses from its source. Because the width of the grooves 
w is much smaller than a, the spin wave travels as an 
eigenmode of a continuous film of thickness do through 
most of the lattice {i.e. between grooves). For the sec- 
tions where the thickness is do the integral equation re- 
duces to a simple formula (see Eq. (50) in |1£,]) which 
shows that between the grooves, the transmitted and re- 
flected waves only accumulate phase and decay (due to 
intrinsic magnetic damping). Thus, in order to describe 
the formation of stop bands, one has to consider the scat- 
tering of a BVMSW from just one groove. The effect 
of multiple consecutive grooves is obtained by cascad- 
ing the structure period using matrices of scattering T- 
parameters and taking interference effects into account. 
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The most direct way to proceed is to solve this two- 
dimenstional singular integral equation numerically to 
obtain the scattering characteristics of a BVMSW scat- 
tering from a single groove. However this work is beyond 
the scope of this paper. Another way to treat scattering 
from a single groove was previously suggested in Refs. 
[U, o^'^ short paper 17], we adapted this method 

to the case of a BVMSW. For completeness, we repro- 
duce our theory here, but in more detail. We first con- 
sider the grating as a periodical sequence of sections of 
regular transmission lines with different propagation con- 
stants (different spin-wave wavenumbers) for the same 
carrier frequency. We neglect the fact that the groove 
edges are oblique, and consider the groove cross-section 
as a rectangle with the same depth and having the same 
area. In order to describe spin wave transmission through 
the magnonic crystal we use T-matrices which describe 
the relation between the amplitudes of the wave incident 
onto an inhomogeneity and reflected from it [23| . The 
T-matrix T*^^^ for a section of unstructured film (section 
of film between neighboring grooves) of length a — w has 
diagonal components only: 



T(i) 



,{-ik+kg){a-w) 







^{ik—k^ ){a—w) 



(3) 



where k is the spin-wave wavenumber in the unstructured 
film, fcp = 7A_ff/(2ugr) is the rate of the spin- wave spatial 
damping, 7 is the gyromagnetic ratio, AH is the ferro- 
magnetic resonance linewidth, and Vg^ is the spin-wave 
group velocity. 

Similarly, the T-matrix T^'^^ for a regular spin-wave 
film waveguide with a thickness d = do ~ S is 



rp(3) 



,{—ik+k'^)wda/d 







^(+ik—k'')wda/d 



(4) 



where fcg is the spin-wave damping rate for the groove. 
Here we use the fact that the BVMSW dispersion law for 
small wavenumbers fed <gC 1 is practically linear. There- 
fore, the spin- wave wavenumber in the grooves is kdo/d. 
To describe the loss increase in the pass bands with 
increasing groove depth, we introduce an empirical pa- 
rameter C which accounts for larger contribution of two- 
magnon scattering processes in the areas which under- 
went anisotropic etching [l^. Then the damping rate in 
the grooves can be expressed as k'^ = feg (1 + C^/do)- 

At the edges of the grooves the incident wave is par- 
tially reflected back. This is accounted for by the T- 
matrices for the groove edges. The matrix for the front 
edg e is T^^\ and that for the rear edge is T^''^. Following 
[23|, the transmission coefficient through the junction is 
1 — F. Then one obtains: 



r^i2)_f{l-T)-' F(l-F)-^ 
^If(1-F)-i (l-F)-i 



rp(4) ^ 



(l + F)-i 
-F(l + F)-i 



-F(l + F)- 
(l + F)-i 



(5) 



(6) 



Using the property of T-matrix multiplication one finds 
a T-matrix for one period of the structure: 

T = [T^^^ • T^^) ■ T'^^ • T^"*)]. (7) 



To obtain the T-matrix for a magnonic crystal with N 
grooves T™'^, one has to raise T to the 7V-th power: 



rpmC ^ jrp(l) ^ rp(2) , rp(3) , rp(4)j 



N 



(8) 



The most important operational parameter of magnonic 
crystals is the power transmission coefficient. It can be 
determined as Pt^ ^ 1/ \ T^'= 1/ \ T^Y where T^" 
and are the matrix elements. 

In order to make use of this theory, one has to spec- 
ify the form of the reflection coefficient F. The model 
we suggest is based on the analogy of the change in the 
film waveguiding properties to a change in the charac- 
teristic impedance Z of a microwave transmission line 
[2l| . The expression for the complex reflection coefficient 
for a junction of two microwave lines with characteristic 
impedances Zq and Z can be written as (23| : 



-^tr.linc 



z 



z 



(9) 



We assume that the change of the characteristic 
impedance of a spin-wave waveguide arising from the 
change of YIG-film thickness is due to a change of 
the film's effective inductance. Then the characteristic 
impedance is linearly proportional to the propagation 
constant (to the spin- wave wavenumber in our case) , and 
we obtain a formula for the reflection coefflcient for a 
wave incident onto the edge of a groove from the un- 
structured section of the film: 



do - (do -S) S 
r = ?73— 73 FT ^V- 



'do + ido-6) '2do-6' 



(10) 



where 77 > 1 is a phenomenological parameter introduced 
in this formula to account for eventual factors which were 
not taken into account in this simplistic model. 

For the wave incident onto the same junction in the re- 
verse direction, F_ = — F, which has already been taken 
into account in the expressions for the T-matrices above. 
The expression F_ = — F means that the wave phase 
change due to reflection from one and another edge of 
groove is tt. 



IV. RESULTS AND DISCUSSION 

The experimental BVMSW transmission characteris- 
tics for the unstructured film and for the magnonic crys- 
tals with S — 300, 600 and 900 nm measured with a 
network analyzer are shown in Fig. [DJa). The initial 
YIG film thickness do is 5.5 /im. The results are shown 
for the groove number TV = 20 and the groove width 
w = 30 /im. The BVMSW transmission characteristic 
for the unstructured film has a maximum just below the 
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point of ferromagnetic resonance. One sees that the in- 
sertion loss is w 20 dB and is determined by the energy 
transformation efficiency by the input and the output 
antennas and by the spatial decay of spin waves during 
their propagation in the space between the antennas. As 
BVMSW frequency band is bounded above by the ferro- 
magnetic resonance frequency no spin-wave propagation 
occurs for higher frequencies. With decreasing frequency 
the BVMSW excitation and reception efficiencies drop. 
This drop is due to the finite width of the antennas in 
the direction of BVMSW propagation. Thus for very low 
and very high frequencies, no spin waves can be excited 
and the insertion loss (« 50 dB) is determined by the di- 
rect electromagnetic leakage from the input to the output 
antenna. A small separate peak at the right-hand edge 
of the transmission characteristic is due to excitation of 
the first width standing mode of film [23 |. 

In order to remove the influence of the antennas and 
of the spin- wave spatial decay we calculate the difference 
between the logarithms of the transmission characteris- 
tics for the unstructured and the structured films. Fig- 
ureHUb) shows the obtained dependence. The additional 
dotted straight line in this figure indicates the limit of 
the dynamic range of our experimental setup. The latter 
is found as the difference in the transmission character- 
istics of the microstrip antenna structure that is covered 
or uncovered by a continuous YIG film. 

From Fig. [2jb) one sees that a lattice of 20 grooves 
as deep as 300 nm leads to the appearance of a set of 
rejection bands (or transmission gaps), where spin- wave 
transmission is highly reduced. According to the con- 
dition for Bragg reflection, higher-order rejection bands 
correspond to larger spin- wave wavenumbers. In the case 
of BVMSWs, the latter corresponds to lower frequencies. 
From the depths and the frequency widths A/ of the 
gaps, one sees that the efficiency of the rejection increases 
with increasing order of Bragg reflection. This suggests 
that BVMSW with smaller wavelengths are more sensi- 
tive to the introduced inhomogeneities. 

Both Fig. m^a) and [Hb) demonstrate that an increase 
in 6 leads to an increase in the rejection efflciency and 
in the frequency width of rejection bands A/. Addition- 
ally, a small frequency shift of the minima of transmis- 
sion towards higher frequencies is observed, as well as 
an increase in insertion losses in the transmission (i.e. 
allowed) bands. For S = 900 nm the insertion loss in 
the whole spin-wave band is so important that almost no 
spin- wave propagation is observed (see Fig. [2l^a)) for the 
film of 5.5 fiia thickness. 

The results of our numerical computation of T™*^ are 
shown in Fig. [2tc). One sees that this model provides 
qualitative agreement with all the experimentally ob- 
served trends. In particular, it correctly predict the ob- 
served increase in the rejection efficiency with increas- 
ing k. The calculated efficiency of the rejection also in- 
creases with increasing rejection band order. In order 
to prove this we calculate the transmission character- 
istic for a structure which consists of only one 30 /im 
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FIG. 2: (Color online) (a) - BVMSW microwave transmis- 
sion characteristics for an unstructured film (bold line) and 
for magnonic crystals with different groove depths 5; (b) - 
measured transmission loss inserted by the magnonic crystal 
structure; (c) - calculated loss; (d) - calculated transmission 
characteristics. Parameters of calculation: groove number 
N = 20, width of grooves at their bottom w = 30 /im, lat- 
tice constant a = 300 /im, film thickness do ~ 5.5 /im, sat- 
uration magnetization AttMq = 1750 G, bias magnetic field 
Ho ~ 1845 Oe, efliciency coefficient rj — 6, resonance line 
width AH — 0.5 Oe, surface damage coeflicient = 30. In 
(c), the dash-dotted line shows the calculated loss inserted by 
a single groove of 300 nm in depth. 



wide and 300 nm deep groove (see the dash-dotted line 
in Fig. IHc)). One sees that the efficiency of spin- wave 
reflection from one groove increases with increase in spin 
wave wavelength. It is worth noting that the transmis- 
sion loss inserted by one groove is about 0.1 dB. Thus, 
almost all the energy of the spin waves is transferred 
through the groove. Only a very small part (about 3 %) 
is reflected back. 

Fig.mjc) shows that our computation gives the correct 
shape of the transmission characteristics. In particular, 
there is a good agreement with the frequency widths A/ 
of rejection bands and in their frequency shifts upwards 
with increasing S. Furthermore, the model properly de- 
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scribes the increase in the parasitic insertion loss in the 
transmission bands with increasing groove depth. 

The calculated influence of the groove array on the 
transmission characteristic of the magnonic crystal is 
shown in Fig. [2jd). The presented curves were found 
as a difference of the experimental transmission charac- 
teristic for a plane film (bold line in Fig. [2lja)) and the 
calculated groove induced loss (Fig. [2Ic)). As a result, 
Fig. [2Kd) are a theoretical analogue to Fig. [U^a), where 
experimental results are presented. From comparison of 
the figures one can concludes that proposed theoretical 
model describes experimental results especially good for 
the small values of the groove depth. With increasing of 
the groove depth the disagreement increases because of 
the theoretical model limitations. 



A. Influence of the groove depth 

The groove depth has a profound influence on the 
transmission characteristics of the fabricated magnonic 
crystals (see Fig. [2]). In order to investigate this effect 
in Fig. [3] we plot the insertion loss for the first-order 
rejection band, its frequency width, and the parasitic 
loss in the first transmission band for magnonic crys- 
tals of different thicknesses do and with different groove 
depths. The central frequency of the first-order gap is 
7160 MHz. From Fig. [3] (a) one sees that the rejection 
efficiency strongly increases with increasing the relative 
groove depth S/d^. An increase in the parasitic loss in 
the transmission bands is also observed. By comparing 
the losses in the rejection and transmission bands, we can 
estimate the optimal value of 5/dQ. We define this op- 
timum value as a situation in which rejection is efficient 
but parasitic loss is still small (around 3 dB). For both 
films we find an optimal value of S/d^ « 0.1. 

Both our calculation and measurements for different 
film thickness show that parasitic losses in transmission 
bands are determined by the relative groove depth only. 
The situation with the rejection efficiency is more com- 
plicated. From Fig. [3] (a) it can be seen that the exper- 
imental dependencies are slightly different for different 
film thicknesses. For the same relative groove depth, re- 
jection is larger for thicker films. However, with increas- 
ing i5 this difference between films with different thick- 
nesses diminishes, and for the largest values of S/d^ the 
experimental dependencies for different thicknesses col- 
lapse. This suggests that the relative groove depth is the 
leading parameter for the magnonic crystal optimization. 

It is worth noting that the behavior of the calcu- 
lated curves is slightly different. This suggests that the 
accuracy of our simple theory decreases with increas- 
ing groove depth. Processes not taken into account in 
our model probably become more prominent with larger 
5 1 do. 

Fig. [3] (b) shows the experimental and calculated fre- 
quency width of the first rejection band. The fre- 
quency width was measured at the distance between 
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FIG. 3; (color online) (a) - insertion loss in the first-order re- 
jection band (circles) and the pass band (squares) as a func- 
tion of the relative groove depth (5/do; lines show correspond- 
ing calculated dependencies, (b) - experimental (triangles) 
and theoretical (lines) frequency width of the first-order re- 
jection band as a function of the relative grooves depth. In 
both panels, filled red symbols and solid red lines show de- 
pendencies for the film do = 5.5 /.im thick; opened blue sym- 
bols and dashed blue lines are for do = 14 /xm. Number of 
grooves A'^ = 20; lattice constant a = 300 /xm; groove width 
It) = 30 fim. 



the points for which the transmitted signal intensity is 
halved. Obviously, the same Bragg condition for the spin- 
wave number in the maximum of rejection is fulfilled for 
the magnonic crystals based on the films with thickness 
5.5 /im and 14 /im, because the array has the same lattice 
constant 300 /im in both cases. However, the spin wave 
dispersion strongly depends on film thickness [l5[. For 
small wave wavenumbers its slope increases with increase 
in do- This results in the wider rejection bands observed 
for the thicker magnonic crystal. 

From Fig.[n](b) one sees that the width of the rejection 
band for the optimal relative groove depth 0.1 is 15 MHz 
and 45 MHz for the 5.5 /im and 14 fim thick films, respec- 
tively. From the point of view of optimizing magnonic 
crystals, this gives an additional degree of freedom for 
designing a crystal which satisfied operational parame- 
ters. A required rejection-band bandwidth can be ob- 
tained by adjusting the magnon crystal thickness. The 
optimal rejection efficiency can be obtained by adjusting 
the relative groove depth. 

From Fig. [3] (b) it follows that our theory is not very 
accurate. The agreement is qualitative only. However, 
considering the simplicity of our model, the agreement is 
satisfactory, and provides key trends. 
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retical (lines) bandwidth of the first-order rejection band as a 
function of relative groove depth. Filled red symbols and solid 
red lines are for the magnonic crystal with A'^ = 20 grooves; 
opened green symbols and dashed green lines are for the crys- 
tal with A'^ = 10 grooves. Film thickness do = 5.5 /xm; lattice 
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FIG. 5: (a) - insertion loss in the rejection band (squares) 
and the pass band (circles) as a function of the groove depth; 
solid lines show the respective calculated dependencies, (b) 
- experimental (triangles) and theoretical (line) width of the 
first rejection band as a function of the groove depth. In 
both panels, filled symbols and solid lines are for a magnonic 
crystal with groove width lu = 30 /xm; opened symbols and 
dashed lines are for a magnonic crystal with groove width 
w = IQ fim. Film thickness do = 5.5 pm; lattice constant 
a — 300 ^im; number of grooves A'^ = 20. 



B. Influence of the number of grooves 

The groove number is also important for the optimiza- 
tion of the magnonic crystal. FundamentaUy, increasing 
the groove number should increase the efficiency of rejec- 
tion. 

According to the developed theoretical model (see 
Eq. ([5])), doubling the number of grooves should dou- 
ble the rejection losses on the log scale. In order to test 
this theoretical prediction, two crystals with the same 
geometry but having different grooves numbers TV = 10 
and = 20 were investigated. 

Fig. d] presents the insertion loss and the frequency 
width A/i of the rejection bands for the magnonic crys- 
tals with the groove numbers iV = 10 and A^ — 20, as 
a function of the relative groove depth 5 /do- One sees 
that reducing the number of grooves by one half results 
slightly decreases the rejection efficiency. One of the pos- 
sible explanation for such an experimental behavior could 
be a deviation from perfect periodicity in the lattice, 
which may saturate such dependence for groove numbers 
larger than some characteristic value. However, a careful 
examination of optical images of the quasi-crystal does 
not reveal any noticeable defects. As such, we suggest 
this unexpectedly weak dependence may be connected 
with some peculiarity of the intrinsic spin wave damping 



on the structure which is not taken into account in our 
model. 

Fig. [31(b) shows experimental and calculated frequency 
width of the first rejection band for the magnonic crystals 
with the groove numbers A^ = 10 and A^ — 20, as a 
function of the relative groove depth. No pronounced 
dependence on the number of groove N is observed. 

C. Influence of the groove width 

The groove width is also an important parameter in 
the design and optimization of magnonic crystals. In an 
ideal Bragg reflector should consist of infinitely 

narrow refiectors, which are periodically placed in space. 
However, in our case infinitely narrow grooves will pro- 
duce no refiection. Therefore one has to keep w finite. 
As follows from Eq.(2) and from the T-matrix theory, 
an increase in the groove width increases the reflection 
coefficient of individual grooves. However, this obviously 
introduces out-of-phase reflections from the front and the 
rear edges of the grooves. Dephasing becomes more pro- 
nounced with increasing w. (Indeed, such a structure can 
be modeled as a superposition of Braggs refiectors with 
three different lattice constants (a, a — w, and a + w) and 
lattice origins which do not coincide in space.) 
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To investigate the impact of the groove width, a 
magnonic crystal with a groove width equal to the half 
of the lattice constant {w — a/2) was fabricated. A suit- 
able model for such a structure should concept in a com- 
bination of four Bragg reflectors: two with a lattice con- 
stant a, and the remaining two with lattice constant a/2. 
Such a structure is characterized by the coincidence in the 
Bragg wavenumbers between the transmission resonances 
for the a/2-period Bragg reflector and the reflection res- 
onances for the a-period reflection. Our additional ex- 
periment investigations proved this model: every even 
rejection band seen for a lattice of narrow (30 /im wide) 
grooves are absent for the structure with w — a/2. 

Fig. [5] demonstrates the insertion loss (upper panel) 
and the frequency width A/i (bottom panel) of the 
first rejection band (spin- wave wavelength here is around 
600 fim) for the magnonic crystals with groove widths 
w = 10 /im and w = 30 /im as a function of relative 
groove depth 6 /do. One sees that triphng the groove 
width increases the rejection efficiency by approximately 
4 times in the log scale. Almost the same effect is ob- 
served for the parasitic loss in the transmission band (see 
squares in Fig. OJa)). One can see that the results of the 
calculation are in good qualitative agreement with the 
experiment. 

In Fig.lSjb) experimental and calculated values for the 
width of the first rejection band are shown. One sees that 
for different groove widths, these plots are very close to 
one another. Even thought the difference is small, it 
may be sufficient to fine-tune the characteristics of the 
magnonic crystals and enable the obtention of required 
rejection efficiency and bandwidth of rejection bands. 

V. CONCLUSIONS 

1. In this work we experimentally demonstrate that in 
the BVMSW configuration a one-dimensional magnonic 



crystal is characterized by the excellent spin-wave signal 
rejection of more than 30 dB. The efficiency of the rejec- 
tion can be controlled by the groove depth and width as 
well as the number of grooves in the crystal. A simple 
theoretical model was proposed which is in good qualita- 
tive agreement with the experimental results. 

2. It is found that the optimal groove depth which en- 
sures strong rejection in the rejection bands while main- 
taining insertion loss in the transmission bands around 
3 dB is approximately 1/10 of the total film thickness. 
Decreasing in the groove depth from this optimal value 
leads to a drop in the rejection efficiency. With its in- 
creasing parasitic loss in the transmission bands rapidly 
grows. 

3. The efficiency of the rejection increases with an 
increasing number of grooves. However, this increase is 
smaller than our model's prediction. 

4. When the width of grooves is much smaller than 
the spin-waves wavelength, increasing the groove width 
leads to a fast increase in the rejection efficiency. 

5. The width of the rejection bands for BMVSWs ex- 
ceeds the values for the other spin-wave configurations 
[E 0, H, @|- It can be controlled by the film thickness 
and the groove depth. Varying the film thickness, groove 
depth, groove width and number of grooves allows the 
engineering of magnonic crystals with optimal character- 
istics. 
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